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Relevance:  Acupuncture  is  an  intrinsic  part  of traditional  Chinese  medicine.  The  current  understand-
ing  of  the acupuncture  meridian  system,  acupoints  and  the  potential  utilizing  Omics  technologies  are
summarized  in  this  review.
Material  and  methods:  A systematic  search  for acupuncture  involving  Omics  technologies  was  carried
out  using  multiple  online  literature  databases.  The  records  retrieved  were  from  the  full  collections  of
each database  dated  to  September  2011.  Data  produced  from  functional  genomic  technologies  were
extracted  from  the collected  acupuncture/moxibustion  studies  and  subjected  to  evaluation.  Analyses
and comments  were  summarized  on the  advances  in  experimental  research  in  acupuncture/moxibustion-
related  studies,  and  the  future  for  strategies  and  approaches  in the  era  of  functional  genomics  highlighted.
Results:  An  overview  of  articles  indicated  that  several  diseases  or  symptoms  with  evidence  of  effective-
ness  had  been  piloted  for  using  functional  genomic  technologies,  such  as  Parkinson’s  disease,  allergic
disorders,  pain,  and  spinal  cord  injury,  most  of which  are  chronic  “difﬁcult  diseases”.  High-throughput
genomic  and  proteomic  proﬁling  of  gene  expression  in  tissues  has  been  able  to identify  potential  candi-
dates  for  the  effects  of  acupuncture  and  provide  valuable  information  toward  understanding  the  possible
mechanisms  of  the therapy.  However,  without  further  holistic  and  sophisticated  analyses  in  the  con-
text  of  metabolomics  and  systems  biology,  the  current  attempts  and  the  foreseeable  developments
appear  to be  insufﬁcient  to  produce  ﬁrm  conclusions.  Noticeably,  the  recent  rapid  advances  in  functional
molecular  imaging  targeting  speciﬁc  metabolites  have  shown  great  promise  and  if  combined  with  other
post-genomic  technologies,  could  be extremely  helpful  for the  acupuncture  studies  in  human  subjects.
Conclusion:  This  review  suggest  that  disease-oriented  studies  using  the  approach  of  multi-indexed
high-throughput  technologies  and  systems  biology  analyses  will  be  a preferred  strategy  for  future
acupuncture/moxibustion  research.
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conditions (Habacher et al., 2006).
Veterinary acupuncture follows the same principles as that forJ. Jia et al. / Journal of Ethnop
. Introduction and ‘pre–Omics’ knowledge of the nature
f meridians and acupoints
Acupuncture which originated in China has been used as
 therapeutic intervention for the treatment of various dis-
ases and symptoms for more than 2500 years. The ancient
exts have informed the knowledge basis for acupuncture today
Kaptchuk, 1983; Unschuld, 1986, 1990; Sivin, 2000). Acupunc-
ure has been practiced in many Asian and western countries
nd a diverse variety of conceptual models and styles of clin-
cal practice and techniques have developed (Robinson et al.,
012; in this special issue). According to Traditional Chinese
edicine (TCM) theory, Qi (which is also referred as the vital
ife force), ﬂows along the networks, paths or channels in the
uman body. A series of acupoints occur along each path,
orming meridian systems, which relate in part to the func-
ion of internal organs and their physiological or pathological
onditions. By stimulating the acupoints with needles (with or
ithout penetration of the subcutaneous tissues), the regula-
ion of organ or body functional states can be achieved by
ltering the ﬂow of Qi in the meridian system. Both in the
lassics and in contemporary TCM practice, the imbalance of
in-Yang in the circulation of Qi is believed to be the ultimate
ause of disease, therefore, acupuncture treatments at selective
oints will be able to restore the body homeostasis and alleviate
ymptoms.
As an important part of TCM, the meridian system has been doc-
mented, described and characterized since ancient times (Lu and
eedham, 1980; Kaptchuk, 1983; Unschuld, 1986, 2003). Various
ymptoms and conditions have been treated in clinical practice
ccording to these theories. However, the search for anatom-
cal proof of the existence of meridians with modern biology
nd Western medical systems has been problematic (Ma et al.,
003). The meridian network does not ﬁt into the patterns of
lood vessels, nerves, lymph ducts or any other known struc-
ures in human anatomy. More recently, a number of anatomical
r structural phenomena have been proposed to explain meridi-
ns. Helms (1999) described the tendino-muscular meridians, as
 system of superﬁcial meridians located between the organism
nd the external environment. Electrodermal screening employ-
ng measurement of the skin resistance at different locations has
een used in several studies to determine the meridian paths
nd hence guide treatment (Reichmanis et al., 1975; Voll, 1975).
hermal imaging has also been utilized to evaluate acupuncture
esponses and has attempted to provide evidence for the exis-
ence of meridians (Yang et al., 2007). Kim Bong-Han identiﬁed
he primo-nodes (Bonghan corpuscles) in rabbits in 1963 (Han,
964, 1966). However, the existence of these duct-like structures
ould not be veriﬁed by Chinese scientists (Li, 2001). Primo-vessels
emain controversial and lacking general acceptance, in addition
heir relationship to the meridians has not been proven (Soh,
009). None of the discoveries or theories so far have conﬁrmed
raditional acupuncture’s well-coordinated meridian map  or been
ble to convincingly interpret the meridian phenomena. This is
erhaps not surprising: meridians and points are Qi phenom-
na and there is as yet no rationale for believing that they can
e measured using the tools of Western science (Birch and Felt,
999).
More recently, modern physiologists have suggested the
neural hypothesis” indicating that the inﬂuence of acupunc-
ure can be transmitted through stimulation of sensory nerves
hat send signals to the brain, which leads to clinical changes
Longhurst, 2010). The concepts of meridians and acupoints,
hich closely relates to clinical principles, practical proto-
ols and long-standing empirical experience still needs to be
lariﬁed.cology 140 (2012) 594– 603 595
1.1. The current advances and understanding of the meridian
phenomena
Although the physical evidence for the existence of meridians
has not been identiﬁed after years of investigation, it appears that
some meridian phenomena can be demonstrated, especially with
modern technologies (Wang et al., 2010). For example, in studies on
a number of skin diseases, the migration of radioactive isotopes and
the propagated meridian sensations (PMS) correlate well with the
documented meridian systems, providing good evidence for their
existence (Li, 1980; Meng et al., 1989; Hu and Cheng, 1997).
In the 1970s, propagated sensations along channels (PSC) as a
representative meridian phenomenon have been investigated in
over 100,000 people in China (Wang et al., 2010). These studies
concluded that approximately 0.3% of people exhibited PSC. How-
ever, such propagated sensation appeared to be a subjective feeling,
which must therefore be associated with the central nervous sys-
tem, particularly the sensory cortex. This has led some researchers
to believe that PSCs can be deﬁned as an expanding excitation
occurring within the sensory cortex (Xue, 1988). If this is the case,
it could not account for why  propagated sensations involve com-
prehensive reactions in the skin, blood vessels and nerves.
Recent studies have found suggestive, but not conclusive, evi-
dence that meridians exhibit increased capacitance and decreased
electrical impedance compared to adjacent body parts (Ahn et al.,
2008). In addition these low impedance areas correlate with the
existence of subcutaneous collagenous bands, detectable by ultra-
sound echogenicity (Ahn et al., 2010). These studies emphasized the
electrical impedance of certain acupoints in association with the
connective tissues, but may  not apply to the entire meridian sys-
tems, which lies in both subcutaneous and inter-muscular tissues.
Networks of collagen ﬁbres have also been proposed as a possible
mechanical transduction and signaling system for acupuncture-
related effects (Langevin et al., 2007).
Another hypothesis is that the meridians are the trace marks of
embryological development or the evolutional remains of the cen-
tral nervous system but this is too hypothetical to be tested with
scientiﬁc experiments (Shang, 2001; Lee, 2002). Further efforts or
novel ideas in acupuncture-related studies intended to establish
theoretical principles will continue to inspire innovative therapeu-
tic methods for the treatment of various difﬁcult medical conditions
(Lee, 2002).
In summary, the ﬁndings from these studies may  provide impor-
tant insights into the nature of acupuncture and has highlighted
that the underlying mechanisms are still under debate and require
investigation.
1.2. Mapping of meridians and acupoints in animals
In China, acupuncture treatment for a variety of animals,
including horses, cows, camels, pigs, donkeys and birds, has been
historically documented. In 1836, veterinary acupuncture was ﬁrst
described in written records in the West (Jaggar, 1992). This was
long after the 17th century when the French priests introduced
acupuncture to the Europeans Therefore the western practice of
veterinary acupuncture is fairly recent, and emerged in America
when it was  observed that acupuncture appeared to treat equine
laminitis better than Western medications, with an efﬁcacy of 90%
reported (Justin and Xie, 2011). In dogs, it was used to treat dys-
plasia, arthritis, allergic or neuronal dermatitis, intervertebral disc
syndrome, spondylitis and paralysis. Today, veterinary acupunc-
ture is used for other small and large animals for a wide range ofhuman; however, the anatomy of humans is considerably differ-
ent. There are approximately 361 meridian acupoints mapped in
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umans, whereas 159 have been described for use in horses (Yu
nd Yu, 1963) and 76 in dogs. The mapping of acupoints in ani-
als was based on historic veterinary acupuncture literature for the
lassical acupoints in combination with the deﬁnition of the trans-
ositional points projected from humans (Xie and Preast, 2007). As
uch, most meridians could be mapped on to various experimen-
al mammalian animal models, including mouse, rat, rabbit, pigs,
at and dogs. It is a two-dimensional coordinate system that lacks
patial measures (Ma et al., 2003).
With the help of modern technologies, researchers have tried
ifferent approaches to identify and verify the acupoints and
eridians in animals, including skin conductance measurement
Anonymous, 1959) and low impedance lines (LILs) of electrical
mpulses and high percussion sound lines (HPSLs) along the ver-
ical planes of the dorsal skin surface (Yu et al., 1994). Currently, a
reat variety of transgenic animals are useful as disease models by
stablishing mutant mouse lines and can exhibit disease symptoms.
s a result they are now being used in acupuncture-moxibustion
tudies to obtain source samples for molecular analysis in order
o provide objective measurements of treatment effects (Yu et al.,
005; Ding et al., 2006). The mapping of meridians and acupoints
n animals is important for validating this sort of research.
. The use of Omics technologies in acupuncture research a
iterature review
.1. Methodology
A systematic search was carried out on multiple online lit-
rature databases, including PubMed, Allied and Complementary
edicine (AMED), Embase, Ovid Medline, PsycINFO, CNKI, Wanfang
nd SinoMed. The keywords were “*acupuncture”; “moxibus-
ion”; “meridian”; or “acupoint*” in combination with “omics*”;
genomics”; “proteomics”; “metabolomics” or “systems biology”
The records retrieved were from the full collections of each
atabase from their inception up to September 2011. A total of
00 publications were identiﬁed as a result of the search. After
liminating 37 duplicated records; 163 publications remained
hich were related to functional genomics and acupuncture-
oxibustion. English 82 (50.3%) and Chinese 77 (47.2%) language
redominated; with one article each in Spanish; Japanese; Russian
nd Italian languages1.
The 82 publications in English published in 53 different journals
ere spread over several disciplines. The most prevalent journals
ere: Journal of Alternative and Complementary Medicine (7 arti-
les), American Journal of Chinese Medicine (7), and Neurological
esearch (4). The research articles, as the most popular document
ype, comprised 76.8% (63 articles) of the total production, and
as followed distantly by reviews (16; 19.5%), editorials materials
2) and commentary (1). The 77 Chinese publications were dis-
ributed most frequently in Acupuncture Research (Zhen Ci Yan
iu), Chinese Acupuncture & Moxibustion (Zhongguo Zhen Jiu) and
hanghai Journal of Acupuncture and Moxibustion (Shanghai zhen
iu za zhi), but articles also appeared in 39 other journals. Amongst
he 77 publications in Chinese, reviews (31, 40.3%) were the most
ommon type of publication followed by research articles (20, 26%)
nd commentaries (17, 22.1%). The remainder which had less sig-
iﬁcance were news items (5), methodology based papers (3) and
etter (1). This aim of this review was to describe the characteris-
ics of Omics technologies as applied to acupuncture/moxibustion
tudies. To achieve this original experimental research articles (33
rticles in English and 20 articles in Chinese) were available in
1 No experimental data, not incorporated in Table 1.cology 140 (2012) 594– 603
further study. A total of 25 articles related to Omics studies in
the acupuncture/metabomics research could be included and are
reported in the table.
2.2. Characteristics of experimental studies on Omics
technologies and acupuncture/moxibustion studies
Representative experimental articles involving Omics technolo-
gies in acupuncture/moxibustion searches (with clear statements
of the targeted symptom and sampling methodology) are listed in
Table 1.
2.3. Acupuncture studies with genomic analyses
The genome-wide changes of gene expression following
acupuncture/moxibustion treatment have been primarily proﬁled
in models of Parkinson’s Disease (Hong et al., 2010; Choi et al.,
2011a,b), allergic disorder (Shiue et al., 2008, 2010; Sohn et al.,
2010; Tan et al., 2010), spinal cord injury (SCI) (Wang et al., 2009),
EA analgesia (Ko et al., 2002; Chae et al., 2006; Gao et al., 2007),
hypercholesterolemia (Kang et al., 2007a; Li and Zhang, 2007),
aging (Yu et al., 2005; Ding et al., 2006) and cerebral ischemia (Guo
et al., 2004). The microarrays of either cDNA or oligonucleotide
probes (Gao et al., 2007) were used to screen for potential can-
didate genes to mediate acupuncture responses. In most reports,
the expression levels of identiﬁed targets were subsequently ver-
iﬁed by real-time Polymerase Chain Reaction (PCR). Reports using
samples from both animal models and patients (Chae et al., 2006;
Shiue et al., 2008, 2010; Tan et al., 2010) are included in this review.
Clinical scoring by questionnaires or symptom checklists was used
to measure pre- and post-acupuncture effects and psychological
variation for human subjects (Chae et al., 2006; Tan et al., 2010).
cDNA microarray analysis has been used for the study of
acupuncture analgesic effects in rats, as reports have demonstrated
that EA at ST36 produces remarkable analgesia (Lee et al., 2003).
The results showed that 68 genes that were differentially expressed
more than 2-fold in a neuropathic pain model and could be restored
to normal after EA treatment. The genes are primarily involved
in the biological processes of signal transduction, gene expres-
sion regulation, and nociceptive pathways (Ko et al., 2002). Global
hypothalamus transcriptional proﬁling of EA analgesia in rats has
identiﬁed 63 genes being up- and 3 down-regulated in the respon-
der group, including glutamatergic receptors, ghrelin precursor,
melanocortin 4 receptor (MC4-R) and neuroligin 1. This discovery
provides additional support for the hypothesis that the acupunc-
ture analgesic effect is mediated by endogenous opioids in the
central nervous system, and suggests novel targets for nociceptive
study for developing new acupuncture pain therapies (Gao et al.,
2007).
cDNA microarrays were also used to assess acupuncture effects
for patients with perennial allergic rhinitis (Shiue et al., 2008, 2010).
Patients completed the rhinoconjunctivitis quality of life ques-
tionnaire (RQLQ) and their gene expression proﬁle in respect of
positive/negative Phadiatop test reaction (Ph(+) and Ph(−)) was
analyzed before and after acupuncture treatment (Shiue et al.,
2010). Distinct physiological responses in Ph (+) and Ph (−) groups
could be differentiated in the proﬁles. The results strongly indicated
that personalized protocols should be considered for acupuncture
treatment in patients with allergic rhinitis.
Microarray technology has been used to analyze the gene
expression proﬁle in Rhesus monkeys with ischemia having EA
treatment using a focal cerebral ischemia/reperfusion model in
(Guo et al., 2004). Of the total genes examined, 10% were affected,
which were involved in signal transduction, cell-cycle control,
metabolism, the stress response, and DNA repair. Insulin-like
growth factor-1 (IGF-1) was one of the most notable up-regulated
J.
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Table 1
Summary of experimental studies of acupuncture articles identiﬁed in the search on post-genomic technologies.
Ref/Year Acupoints Treatment Subject groups Targeted
disease/symptom
Tissue sample Technique Veriﬁcation/
validation
Identiﬁed candidate
gene
Implication
Choi/2011a GB34(Yanglingquan)
LR3 (Taichong)
Acupuncture C57BL6 mice (n = 9/group):
control/MPTP/
MPTP + acupuncture/MPTP +
non-acupoints
Parkinson’s disease cDNA from
cervical spinal
cord [pooled
sample]
Microarray/
(Affymetrix
GeneChip)
RT-PCR Up: Atp2a1, Dub2a,
Klhl31, Tnnt3
down: Hba-a1,
Hba-a2, Hbb-b1,
EG383229, Ppbp,
Ube2l6
Neuro-
protection
Choi/2011b GB34(Yanglingquan)
LR3  (Taichong)
Acupuncture C57BL6 mice (n = 9/group):
control/MPTP/
MPTP + acupuncture/MPTP + non-
acupoints
Parkinson’s disease RNA from
bilateral striatal
tissues [pooled
sample]
Microarray
(Affymetrix
GeneChip)/
RT-PCR Up: Dnajb6, Ngb,
Ntf3,Olfr1497
down: Igf2bp1,
Olfr1306, Olfr857
Inhibit striatal
degeneration
Shiue/2010 LI4  (Hegu)/ ST36 (Zusanli)/ LI20
(Yingxiang)/EX-HN3 (Yintang)
Acupuncture Human(21):
Phadiatop (Ph+)/(Ph−)
Allergic rhinitis Blood samples
[pooled RNA
samples]
Microarray
(Affymetrix
U133A)
Network
analyses
(MetaCore)
Up: the most
up-regulated genes
in  Ph(−) patients
down: the most
down-regulated
genes in Ph(+)
patients
Regulatory
T-cell
differential,
apoptosis
Tan/2010 R4  (Guanyuan)/ R6 (Qihai)/ST36
(Zusanli)/EX32
(Xiyan)/GB34(Yanglingquan)
warm
needling
10 humans Knee osteoarthritis
(OA)
RNA from blood
samples
cDNA
microarray
KEGG pathway
database
Up: 14, 45, 11, 31
genes down: 16, 56,
20,  10 genes (in four
best therapeutic
efﬁcacy patients,
separately)
Cellular and
primary
metabolic
processes
Sohn/2010 ST36  (Zusanli) EA BLAB/c mice
(n = 6–10/group):
control/IMM/EA/
Immuno-
modulation
Serum & spleen Oligo
microarray
(Affymetrix
GeneChip)
RT–PCR Up: Sod1, IL1f9,
Oprl1, Oprk1
down:Cyp2a4, ITGA4,
Foxf2.
Anti-allergic
Wang/2009  ST36 (Zusanli)/ GB39
(Xuanzhong)/ ST32 (Futu)/SP6
(Sanyinjiao)
EA Adult rats (n = 8/group):
EA 1day/EA7day/EA 14day
Spinal cord injury
(SCI)
lumbar(L1-4),
lumbar(L6)-
sacral (S1)
Microarray RT–PCR Up: CNDF, FGF-13,
FGF-1,IGF-1R,
CGRP-˛, NPY down:
CNDF(1dpo),
CNDF(14dpo), FGF4,
IGF1 (14dpo), TGFˇ2,
PF75
Spinal
plasticity
Shiue/2008  LI4 (Hegu)/ST36 (Zusanli)/ LI20
(Yingxiang)/EX-HN3 (Yintang)
Acupuncture 18 humans Allergic rhinitis Blood samples
[pooled RNA
samples]
cDNA
microarray
N.A Up: 9 genes
down:  72 genes
Regulate the
inﬂammation
Gao/2007  ST36 (Zusanli) EA Male F344 rats (n = 6 per group):
control/responder/non-
responder/
Pain RNA from
hypothalamus
Oligonucleotide
microarray
(Agilent)
RT-PCR Up: NM 021669,
NM 013099,
NM 057207,
NM 053868,
NM 131912,
AF255612,
NM 078620
Acupuncture
analgesia
Li/2007 ST40  (Fenglong) EA C57BL/6jmice (n = 9/group):
normal/EA/EA + NA/drug/model
groups
Hypercholesterolemia Plasma and liver
[pooled RNA
samples]
Oligo
microarray
GenePix
RT-PCR Up: Gdf15,
Ppap˛,OATP-1
down: Slpi, LXR˛,
Cholesterol
regulation
Ding/2006  CV17 (Shanzhong)/CV12
(Zhongwan)/CV6 (Qihai)/ST36
(Zusanli)/SP10 (Xuehai)
Acupuncture 8-month male mice:
SAMRl (Rc)/SAMP10
(Pc)/SAMP10 acupuncture
(Pa)/SAMP10 non-acupoint (Pn)
Aging RNA from
hippocampus
[pooled RNA
samples]
cDNA
microarray
RT-
PCR/Northern
blot
Up: Hsp84,
Hsp86,YB-1
Oxidative
damage
Chae/2006 LI4  (Hegu) Acupuncture 15 humans:
High responders(HR)/low
responders(LR)/
Pain RNA from blood
samples
cDNA
microarray
N.A N.A Acupuncture
analgesia
Kim/2005 ST36  (Zusanli) EA male SD rats (n = 7/group):
Control/EA/
sham-operations
Natural killer cell
(NK  cell) activities
RNA from the
spleen cells
Oligo
microarray
(Affymetrix)
RT-PCR Up: PTK, VCAM-1
down: PTP, SHP-1
Innate
immune
Guo/2004 GV26  (Renzhong)/GV20 (Baihui) EA Adult monkeys (Macaca mulatta)
(n  = 4/group): sham-operated/
ischemia/ischemia + EA
Ischemia Parietal cortex,
striatum and
hippocampus
cDNA
microarray
MRI Up: 27 gene down: 2
genes
Neuro-
protection
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Table 1 (Continued)
Ref/Year Acupoints Treatment Subject groups Targeted
disease/symptom
Tissue sample Technique Veriﬁcation/
validation
Identiﬁed candidate
gene
Implication
Ko/2002 ST36 (Zusanli) EA SD rats (n = 7/group):
normal/neuropathic pain/EA
treatment/
Neuropathic pain RNA from spinal
nerves [pooled
RNA samples]
cDNA
microarray
(Incyte
genomics)
Dot-blot Up: opioid receptor,
MAP kinase, zinc
ﬁnger protein, and
tyrosine phosphatase
related genes
Pain and
analgesic
Pan/2011  MS6 (scalp acu motor
areas)/BL10(Tianzhu)/GB20
(Fengchi)/
LI4 (Hegu)/PC6 (Neiguan)/BL40
(Weizhong)/SP6 (Sanyinjiao)/S36
(Zusanli)
EA 35 human:
drug treatment/EA + drug
treatment/normal
Acute ischemic
stroke
Serum protein 2-DE + MS/MS Western blot Up: Gelsolin, C3,
down: Serpin G1
Neuro-
protection
Kim/2010 HT8  (Sobu) Acupuncture SD rats (n = 34):
pup+ mother/pup + mother
+acupuncture/maternally sepa-
rated(MS)/MS + acupuncture/
Maternal separation Protein sample
from
hypothalamic
area
2-DE + MALDI-
TOF/TOF
MS
N.A. Up: Dpysl2, Drp2,
Tuba1a,Stx1b
Neurodevelopment
Li/2010  GV6 (Jizhong)/GV9 (Zhiyang) EA Adult female SD rats
(n  = 5/group):
intact/SCI/SCI
+EA/Jiaji-EA/non-point EA
Spinal cord injury
(SCI)
Protein
expression from
spinal cord
2-DE+
MALDI-TOF/TOF
MS
Western blot Up: ANXA5, CRMP2 Neuronal
survival and
axonal
regeneration
Kim/2010  GB34(Yanglingquan) GB39
(Xuanzhong)
EA Male C57BL/6 mice
(n  = 12/group):
saline/MPTP/MPTP+ EA/
Parkinson’s disease Protein
expression in
the striatum
2-
DE + MALDITOF-
MS
Western blot Up: Cytochrome c
oxidase, subunit Vb
down: HAGH,
Cytosolic malate
dehydrogenase
Munc18-1,
Hydroxyacyl
glutathione,
hydrolase
Neuro-
protective
effects,
oxidative stress
Jeon/2008  GB34(Yanglingquan) SI3
BL62
ST36 (Zusanli)/
EA C57BL/6 mice (n = 12/group):
saline/MPTP/MPTP + 2 Hz/MPTP + 100 Hz
Parkinson’s disease Substantia nigra 2-DE/MALDI-
TOF-MS
Western blot Up: 21 proteins
down: 1 protein
Neuro-
protection
Chae/2007  ST36 (Zusanli) Acupuncture male SD rats (n = 12/group):
CR/acupuncture
Acute paw edema by
carrageenan
injection
Protein from
blood sample
Protein array N.A. down: N.A. Inﬂammation
Sung/2004 ST36  (Zusanli) EA adult male SD rats (n = 7/group):
EA/Control/sham-operations
Neuropathic pain Protein from
hypothalamus
2-DE + MALDI-
TOF-MS
N.A. N.A. Analgesics
Wu/2010b  Six acupoints (Meridian of
Foot-Yangming)
Acupuncture Humans (n = 6/group):
acupuncture/control
Functional
dyspepsia (FD)
Venous blood NMR N.A. Up:
leucine/isoleucine,
lactate down:
glucose
Metabolic
changes
Wu/2010a  BL21 (Weishu)/CV12 (Zhongwan) EA Wistar rats
(n = 10/group):
control/model/BL 21/CV 12//BL
21+ CV 12
Functional
dyspepsia (FD)
Venous blood NMR
spectrometer
N.A. Up: VLDL/LDL down:
NAc
Metabolic
changes
Tang/2009  GV20 (Baihui)
KI1  (Yongquan)
EA SAMP8 mice (n = 8/group):
control (SAMR1)/model/EA
Aging Spleen tissues NMR N.A. Up: saturated fatty
acid/
Triglyceride down:
choline/
phosphatidylcholine/
unsaturated fatty
acid
Metabolic
changes
Wu/2008b  GV20 (Baihui)
SP6  (Sanyinjiao)
EA SD rats (n = 10/group):
Control/model/EA
Chronic emotional
stress
Arterial blood NMR N.A. Up: nsaturated fatty
acid/
phosphatidylcholin
down: glucose/VLDL
Metabolic
changes
Up: up-regulated; down: down-regulated; EA: electro-acupuncture.
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enes, conﬁrmed by in situ hybridization. Up-regulated IGF-1
RNA expression was observed in both the striatum and hip-
ocampus. The data suggested possible candidates underlying the
echanism for the anti-ischemic effect of acupuncture and pro-
ided clinical relevance for targeted therapy for stroke (Guo et al.,
004).
Other microarray analyses have been carried out for acupunc-
ure or EA on liver cholesterol metabolism (Kang et al., 2007a; Li
nd Zhang, 2007), aging (Ding et al., 2006) and spinal cord injury
Wang et al., 2009), and recently several studies have focused on
arkinson’s disease (PD). Electro-acupuncture at GB34 in MPTP (1-
ethyl-4-phenyl-1, 2, 3, 6-tetrahydropyridine) – induced in mice
odels signiﬁcantly changed the gene expression proﬁles at the
ubstantia nigra assayed by cDNA microarrays (Hong et al., 2010).
owever, as the analysis did not incorporate non-acupoint controls
or compared with other non-MPTP models, locating the genes
esponsible for the preventive effect of MPTP neurotoxicity speciﬁc
o acupuncture at GB34 was problematic.
Previous studies have shown that acupuncture at GB34 and LR3
nhibit nigrostriatal degeneration in Parkinsonian models (Kang
t al., 2007b; Choi et al., 2009), yet the functional genes involved
emained elusive. Choi et al. (2011a) proﬁled gene expression in
he striatum of MPTP Parkinsonism mice after EA at GB34 and LR3
sing a gene chip microarray, and found 16 genes were associated
ith the inhibitory effect of acupuncture on MPTP-induced striatal
egeneration. Four of these genes functioned in an acupoint-
ndependent manner. The same model and procedures were used
or proﬁling cervical spinal cord gene expression (Choi et al.,
011b). Although up- and down-regulated genes were observed
n both acupoint and non-acupoint treated groups, acupuncture at
peciﬁc points was able to increase the levels of 5 genes down-
egulated by MPTP toxicity.
High frequency EA is known to alleviate PD motor symp-
oms in animal models (Liang et al., 2002, 2003; Liu et al., 2004;
ia et al., 2009, 2010; Wang et al., 2011), such as the hemi-
arkinsonian rat model induced by unilateral transection of the
edial forebrain bundle (MFB). Surprisingly, the EA relief of the
pomorphine-induced motor disorder symptoms did not correlate
ith the dopamine content in the midbrain (Jia et al., 2009, 2010). A
ubsequent study using [11C] -CFT as the tracer for positron emis-
ion tomography (PET) conﬁrmed this for Dopamine Transporter
xpression in the striatum and the substantia nigra (Liu et al., 2009).
hese results suggested that the EA effects on Parkinsonian ani-
als involved the cortex-basal ganglia circuit for functional motor
estoration. Thus, the cortex needs to be analyzed by more com-
rehensive and properly controlled high-throughput microarray
ssays as well as the striatum. The results demonstrated profound
hanges in the gene expression proﬁles, and the comparative anal-
ses suggested that the EA improved motor behavior in PD rats
as established by the recovery of homeostasis in the transcript
etwork and regulatory functional gene clusters in both the cortex
nd striatum.
.4. Acupuncture studies with proteomic analyses
The proteomic technologies of two-dimensional electrophore-
is (2-DE) and mass spectrum (MS) analysis have been extensively
sed in acupuncture studies. To explore the mechanisms of neuro-
athic pain development and EA analgesic effect, Sung et al. (2004)
pplied EA to acupoint Zusanli (ST36) in a neuropathic pain model
at and compared the 2-DE protein proﬁle in the hypothalamus
ith those of the normal and non-treated model animals. Thirty-
ix proteins differentially expressed proteins between the normal
nd model were restored to the normal levels after EA treatment.
he proteins belong to the functional categories of inﬂammation,
nzyme metabolism and signal transduction.cology 140 (2012) 594– 603 599
Proteomic technology is also useful to study the anti-
inﬂammation effect of acupuncture (Fang et al., 1998, 1999; Son
et al., 2002; Zhang et al., 2004), including the cytokine protein
arrays that allow simultaneous detection of multiple cytokines.
Chae et al. (2007) have identiﬁed 3 cytokines (IL-6, NGF and TIMP-
1) that seem to mediate acupuncture’s anti-inﬂammatory effects
in a carrageenan-induced acute inﬂammation rat model.
In the proteomic studies of EA treatments in MPTP-induced
PD mice models, Jeon et al. (2008) have identiﬁed 22 signiﬁcantly
changed proteins in the substantia nigra by peptide ﬁngerprinting
mass spectrometry, 9 of which could be restored to normal by EA
treatment. EA treatments especially increased the expression level
of a neuroprotective protein, cyclophilin A (CypA). The proteomic
changes in the striatum induced by high-frequency EA in PD mice
was  also evaluated by Kim et al. (2010),  who found different results.
Of the 13 differentially expressed proteins between the normal
and MPTP model mice, 3 up-regulated (cytosolic malate dehydro-
genase, munc18-1, and hydroxyacylglutathione hydrolase) and 1
down-regulated (cytochrome c oxidase subunit Vb) were restored
to the levels of saline controls with EA treatment. Such studies
appear to be promising in the search for EA-associated proteins
that mediate its neuroprotective actions.
In similar studies involving spinal cord injury (SCI) rat mod-
els, EA treatment on the meridian known as the governor vessel
(GV) for 6 h was analyzed for differentially expressed proteins. A
total of 6 candidates were identiﬁed: Ubiquitin carboxyl-terminal
hydrolase isozyme L1, Balbiani ring protein 3 precursor, Keratin
type I cytoskeletal 16, Vesicle-fusing ATPase and two hypothetical
proteins of 34.4 and 11.0 kD. As the degree of spinal cord damage
and the duration EA treatment increased, more changed proteins
could be identiﬁed, which could potentially affect the inﬁltration
of inﬂammatory cells and apoptosis of nerve cells (Li et al., 2008).
Other reports have also shown EA to inhibit neuron apoptosis and
to improve cell energy metabolism, especially by balancing the
protein levels altered by spinal cord tissue damage. However, in
the acute models, increased duration, and repetition, of EA seemed
to weaken the effects (Yuan et al., 2009). Using 2-DE and MALDI-
TOF/TOF MS  and veriﬁed with Western blot, Li et al. (2010a) also
identiﬁed 15 proteins in the spinal cord following GV-EA treatment
in SCI models. The proteins are involved in inﬂammation, cell adhe-
sion and migration, signal transduction and apoptosis processes. It
was  postulated that the induced ANXA5 and CRMP2 expression by
EA was the key factor mediating neuroprotection.
By optimizing the experimental conditions for 2-DE, Shi (Li,
2007) and colleagues had established a reliable protocol that was
able to resolve the proteome of the rat cortex and hypothala-
mus. Follow-up analyses using MALDI-TOF-MS have identiﬁed 84
differentially expressed proteins with/without acupuncture treat-
ment. Several of these were validated and demonstrated to be heat
shock/chaperone proteins, growth factors, anti-oxidative factors,
and signal or inﬂammatory proteins. Meanwhile the serum levels
of neuropeptide Y and calcitonin gene-related peptide were shown
to respond speciﬁcally to acupuncture treatment, especially when
performed at the early acute phase of cerebral ischemia.
Proteomic analysis of serum proteins in acute ischemic stroke
patients treated with acupuncture can provide valuable informa-
tion that might be helpful in the identiﬁcation of useful biomarkers
for diagnosis, or even serve as surrogate markers in future neuro-
protection trials (Pan et al., 2011). A number of speciﬁc proteins
were found to be differentially regulated by EA treatments, espe-
cially during the rehabilitation of acute ischemic stroke patients.
The neuroprotective effect of EA could be mediated via the activa-
tion of multiple mechanisms, such as the inhibition of cell apoptosis
and antithrombotic machineries.
From the identiﬁed studies, representative up- and down-
regulated genes and proteins are summarized in Table 1.
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pparently, there have been fewer candidate proteins identiﬁed
rom proteomic analyses than from genomic proﬁles. This might
e potentially explained by difference in assay sensitivity, molecule
tability, tissue expression speciﬁcity, individualized responses to
cupoint stimulation, and other factors involved. As it has been pos-
ulated, coordinated gene function could offer an organism some
elective advantage, identiﬁable in studies that have examined dif-
erential gene expression across species and varied environments
Hoffmann and Daborn, 2007; Hoffmann and Willi, 2008).
The gene targets identiﬁed from different reports do not provide
onsensus even after being categorized by function. This should
e regarded as a clear indication of the need for more cross-
eferenced, comprehensive and systematic analytical approaches
or acupuncture studies. However, the current report provides
mportant initial information and veriﬁcation and provides a basis
or future attempts.
.5. Acupuncture studies with metabolomics analyses
Metabolomics, a modern discipline, integrates various technolo-
ies in order to study networks of metabolites in the body and
xplore the interactions of living organisms within their surround-
ng environment. Nuclear magnetic resonance (NMR) is one of the
ey techniques used to acquire massive dynamic and quantitative
nformation about small molecular weight metabolites in the body.
s a systemic approach, metabolomics is able to employ a “top-
own” strategy to measure the function of organisms from the end
roducts of the metabolic network and to explore the metabolic
hanges triggered by interventions at the whole-system level in a
olistic context (Zhang et al., 2010).
Nearly all the current attempts that have used metabolomics
pproaches for acupuncture studies have been conducted in
hina. These early attempts clearly demonstrate the potential of
etabolomic technologies to characterize the biological effects of
cupuncture. Functional dyspepsia (FD) is a common gastrointesti-
al disorder with multiple pathogenic signatures as observed in
linical practice. Acupuncture has been suggested as a potential
lternative therapy for FD and was trialed in China (Wan, 2000;
uyang et al., 2002). Blood and urine samples have been col-
ected from patients following acupuncture treatment at different
cupoints, and then subjected to differential metabolomic analy-
es (Wu et al., 2010d).  Nuclear magnetic resonance (NMR)-based
xaminations involving six female FD patients and six healthy
ontrols demonstrated that acupuncture stimulation at Yangming
cupoints was able to reverse the increased levels of glucose,
cetate, high-density lipoprotein (HDL), and phosphatidylcholine,
s well as the decreased levels of lactate, leucine/isoleucine, N-
cetyl glycoprotein, and low-density lipoprotein/very low-density
ipoprotein (LDL/VLDL) in these FD patients (Wu et al., 2010d).  In
arallel, serum analyses for large molecular weight metabolites fol-
owing acupuncture interventions were conducted using a FD rat
odel (Wu et al., 2010a). Although metabolomic analyses can use
oth serum and urine samples, results may  differ (Wu et al., 2010c).
his implies that the dynamics of body conditions could inﬂuence
he data reliability, therefore various experimental factors, such as
iet, physical activities and environmental stimulations, need to be
arefully controlled to minimize the variations (Wu et al., 2008a).
Similar approaches using metabolomic technology for acupunc-
ure research in animal models have been reported in studies of
etabolite proﬁling in the kidneys of SAMP8 mice (a mouse model
ith accelerated aging process) (Tang et al., 2009) and a stress
odel induced in rats (Wu et al., 2008b).  From the extract of either
ater- or lipid-soluble fractions of small molecules, metabolite
hanges in the levels of phosphatidyl choline and non-saturated
atty acids, but not lactate and saturated fatty acids in SAMP8
ice kidneys were observed. EA was able to increase the levels ofcology 140 (2012) 594– 603
saturated fatty acids and triglycerides, and decrease choline, phos-
phatidyl choline and non-saturated fatty acids (Tang et al., 2009).
As the end products of various cellular regulatory processes,
the metabolites of a living organism can be regarded as the deci-
sive terminal response of biological systems to cope with genetic
or environmental changes (Fiehn, 2002). Metabolomic analyses
have been used to study acupoint-speciﬁc effects and to evaluate
the efﬁcacy, safety or inﬂuential factors operating in acupuncture.
Meanwhile, metabolomics also has the potential to enable the
detection of early biochemical changes in disease, hence provide
an opportunity to develop predictive biomarkers that can trigger
earlier intervention, including the application of acupuncture and
moxibustion.
Metabolomic analysis is currently still at an early developmen-
tal stage and its capabilities are yet to be demonstrated as fully
as the genomic and proteomic assays. As the growing numbers
of a highly diversiﬁed range of biomolecules are being analyzed
(Birkemeyer et al., 2005), the progress in the ﬁeld will be more
contributed to medical researches rewardingly, yet the current
challenges are extensive. Metabolites carry information not lim-
ited to their origins, thus could be more relevant to the distal effects
of acupuncture, and may  lead to the development or optimization
of potential efﬁcacy assays. The integration of molecular, clinical,
physiological, imaging and functional genomics data leads to net-
works that may  possibly help to evaluate the nature of meridians
and the effects and mechanisms of acupuncture treatment.
3. Omics and acupoint speciﬁcity
Acupoint speciﬁcity (or point speciﬁcity of acupuncture) is
a key question to be addressed, at least for the optimization
and standardization of both clinical and experimental protocols.
According to the classical TCM literature, functional differences
can be detected between acupoint/acupoint and acupoint/non-
acupoint (Campbell, 2006). However, concrete, objective evidence
is lacking and point speciﬁcity is still a controversial issue (Li et al.,
2010b).
In a large randomized controlled trial (RCT) in Germany,
although both verum and sham acupuncture gave better results
than conventional therapies; acupuncture treatment appeared to
have the same efﬁcacy as sham treatment (Haake et al., 2007). A
systematic review on clinical trials evaluated sham acupuncture
controls with needle insertion at inappropriate points (not indi-
cated for the treated conditions) or non-points (not near any known
acupoints) (Moffet, 2009). No signiﬁcant difference was found, and
again in most cases sham acupuncture performed as well as real
acupuncture, even with superﬁcial needling applied to non-points.
The effect of the placebo is well-known (de Craen et al., 1999).
However, the most recent analysis of the combined data from
Acupuncture Triallist Collaboration has reanalyzed individual data
from over 30 high quality RCTs of acupuncture for back and neck
pain, headache and osteoarthritis and has demonstrated consistent
evidence of a small but signiﬁcant superiority of verum acupunc-
ture over sham, according to Andrew Vickers’s oral presentation
in May  2011 at the ICCMR 6th congress in Chengdu, China. Sev-
eral studies using brain imaging by functional magnetic resonance
(fMRI) or positron emission tomography (PET) have investigated
acupoint speciﬁcity. Differences between verum acupuncture and
sham have been found in the responses in the deep central areas
of the brain (Han and Ho, 2011). In an early imaging study,
acupuncture at vision-related points induced speciﬁc fMRI signal
in the occipital cortex, which was absent in the sham group (Cho
et al., 1998). Nonetheless, the speciﬁcity of those vision-related
acupoints has been challenged by other later studies, where exten-
sive suppression of the limbic–paralimbic–neocortical system and
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ctivation of the sensorimotor cortices was observed following
cupuncture manipulations. Napadow et al. (2009) compared real
cupuncture at SP6 with a sham touch stimulation and observed
tronger, more lasting, but more variant BOLD changes as demon-
trated by increased signals at the cognitive/evaluative (posterior
mPFC) and emotional/interoceptive (anterior dmPFC) cortical
egions. Several imaging studies using acupuncture at different
oints support the notion that traditional meridians and acupoints
roject to speciﬁc functional regions of the brain (Napadow et al.,
005). A recent review suggested that the activation reported by
ome studies may  not have been a direct response of acupuncture
timulation but attributable to methodological problems such as
nterpretation of deactivation, choice of baseline or different group
tatistics (Beissner and Henke, 2009).
Given that the ﬁndings from clinical trials and from imaging
tudies are not particularly consistent, functional genomic tech-
ologies have been applied to test whether acupoint speciﬁcity
xists. In many of the experiments intended to proﬁle gene expres-
ion changes, sham controls of acupuncture at different points were
lso tested (Choi et al., 2011a,b). Certain genes induced by MPTP
ntoxication were regulated by acupuncture at the speciﬁc acu-
oints of GB34 and LR3, but not by non-acupoints, though some
enes could be altered using either acupoints or non-acupoints
Ding et al., 2006). Proteomic proﬁling in animal models showed
imilar results. For instance, the work suggests that ANXA5 and
RMP2 are acupuncture-speciﬁc proteins in GV-EA treatment (Li
t al., 2010b).
Additional evidence of acupoint speciﬁcity has been obtained
rom NMR-based metabolomic analyses. The pattern of distri-
ution of metabolites from plasma and urine samples exhibited
ommon characteristics following treatment at acupoints on the
ame meridian, which clearly differed from non-point or sham
reatments (Wu et al., 2010b).  However, for individual species of
etabolites, the observed changes were not exclusive among dif-
erent experimental groups.
Interestingly, most of the studies intended to address acupoint
peciﬁcity have been carried out in China. This might reﬂect the
ifference in the conﬁdence of acupoint selection and the general
elief in acupoint-speciﬁc effects between the Chinese and West-
rn researchers. Most of the Western reports have involved careful
ontrol of sham or non-acupoints, but rarely compared the effect of
ifferent acupoints. Even among Western researchers there seems
o be no general agreement about the valid controls for acupoint
timulation.
We have to conclude at this point that, despite all the current
unctional genomic technology at our disposal, as in the reports we
ave identiﬁed, there still appears to be insufﬁcient information
o reach a deﬁnite conclusion about the nature, or even the exis-
ence of acupoint speciﬁcity. Although further innovation of more
omprehensive research tools are being developed, their immedi-
te deployment in the studies on this topic will not bring important
reakthroughs without an objective index for the assessment of the
cupoint speciﬁcity.
. Discussion
.1. Which conditions have been used for Omics research
In this review, 36 disorders or symptoms had been investigated
sing functional genomic methodologies. Of these, 29.2% were
eurological disorders, including PD, spinal cord injury, stroke,
epression, stress, epilepsy and aging, etc. The results from the
nalysis of the literature correlates well with data obtained from
he survey carried out among practitioners in Europe and China
Robinson et al., 2012; in this special issue). Based on the literaturecology 140 (2012) 594– 603 601
analyses, neurodegenerative disease, such as Parkinson disease also
appears to be a new focus of recent research. Other important dis-
ease categories for acupuncture indications are pain and analgesia
(12.1%), inﬂammation (8.5%) and hypercholesterolemia (3.6%).
4.2. Translational research
More recently, medical research has started to pursue the prin-
ciple of translational research, where the bedside to bench model is
well accepted. This trend will surely inﬂuence acupuncture-related
research, which clearly regarded as a useful and effective interven-
tion. However, as evidence from clinical acupuncture accumulates,
acupuncture basic research seems to be lagging without signiﬁcant
breakthroughs. As discussed in this article, the promising future
development of post-genomic modern technologies may provide
the opportunity to address acupuncture related questions.
4.3. Principles for future research
However, based on this review, several principles should be
considered to progress acupuncture research. (1) Acupuncture
studies should be disease-oriented, especially for difﬁcult dis-
eases or symptoms; (2) Basic research in acupuncture should
be emphasized, since any breakthrough regarding the mecha-
nism of acupuncture effect will greatly improve its application
in clinical practice. This has been demonstrated in pain relief
using acupuncture which has demonstrated cerebral endorphins
release; (3) Animal models (such as transgenic mice) and stan-
dardized protocols (such as EA) are important for the production
of high quality and reliable objective experimental results; (4)
Measurements using multiple high-throughput assays are recom-
mended; (5) Molecular functional imaging technologies should be
considered, and clinical records and neuroimaging data could be
incorporated. (6) Data analysis strategy should extensively involve
the continuing developed database, informatic and systems biol-
ogy approaches; (7) Acupuncture/Moxibustion and TCM research
requires global collaboration and coordinated actions just as the
aims of GP-TCM.
5. Conclusions
The essence of acupoints and meridians still requires investiga-
tion, interpretation and rationalization but to be relevant to future
strategies, a systems biology framework will have to be consistent
with the TCM channel theory in two  ways:
1. Such a framework could provide a guide on functional genomics
experimental design such that the data generated is more con-
sistent with the TCM channel theory (Ge et al., 2003).
2. Currently many of the functional genomics studies related to
acupuncture have been designed on the premise that as long
there are proper controls taken to investigate the treatments, the
functional genomic data produced should capture the dynam-
ics change in molecular events reﬂecting the beneﬁcial change
associated with acupuncture treatment.
3. This premise may  not valid for the following reasons. As the
dynamics change the data may  not necessary reﬂect the ben-
eﬁcial effect of the treatment. Instead, the change could be
attributed to the variation from one patient to another. Secondly,
changes will be speciﬁc to the selected acupoints used in the
studies.4. Currently it is unclear how to develop an experimental design
that can address this individualized patient issue and the
possibility that the collected functional genomics data could just
reﬂect a reductionist local effect instead of a global effect.
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. By applying TCM channel theory in the experimental design from
the beginning, we will not only consider the effect attributed
to the main trajectories of the acupoints involved, we  will also
consider other divergent trajectories that are part of the channel
under study.
. The framework will guide experimental design such that the data
generated is more easily interpreted the systems level.
. By adopting experimental design that adheres closer to the
TCM channel theory, the resulting functional genomics data will
capture a greater number of global events important for the
reconstruction of a global and consensus view of the molecular
events associated with the treatment efﬁcacy.
. By generating functional genomics data that is more global ori-
entated, this will make it more feasible to bridge the concepts
relevant to TCM channel theory to treatment efﬁcacy through
systems-wide integration of Omics data.
Further efforts in acupuncture-related theoretical studies will
ontinue to encourage innovative therapeutic methods for the
reatment of various difﬁcult medical conditions.
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